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BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

Tho present invention relates to a head support 
5 mechanism provided in a magnetic disk apparatus for use in 
a computer storage apparatus and the like. More 
particularly, tne present invention relates to an optimal 
head support mechanism for high-density data recording , and 
a thin film piezoelectric actuator suitable for the heart 
10 support mechanism. 

2. DESCRIPTION OF THE RELATED ART; 

Recently, the recording density of a magnetic disk 
provided in a magnetic disk apparatus has been vigorously 

15 increased, A magnetic head for use in recording and 
reproducing data to and from a magnetic disk Is typically 
provided on a slider. The slider carrying the magnetic head 
is supported on a head support mechanism provided in a 
magnetic disk apparatus , The head support mechanism has a 

20 head aotuator arm to which the slider Is attached. The head 
actuator aim is rotated by a voice coil motor (VCM) , The 
head provided on the slider is placed al an arbitrary 
position on a magnetic disk by controlling the voice coil 
motor. 

25 

High-density data recording on a magnetic disk 
requires a high level of precise positioning of the magnetic 
head. In the case where the positioning of the magnetic head 
is performed by the VCM rotating the head actuator arm, there 
30 is a problem in that the positioning of the magnetic head 
is less precise. To avoid such a problem, a head support 
mechanism has already been proposed which achieves 
high- precision positioning of the magnetic head. 
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Figure 45 is a top view illustrating a conventional 
head support mechanism 400 for use In a magnetic disk 
apparatus. A head 402 is used to record and reproduce data 
3 to and from a rotating magnetic QisK (not shown) . The 
head 402 is supported on an end portion of a suspension 
arm 404, The other end portion of the suspension arm 404 
its supported on a projection portion 408 provided in the 
tip portion of a carriage 406 in such a manner as to rotate 
10 within a small angle range on the projection portion 400. 
A base portion of the carriage 406 is supported on an axis 
membor 410 fixed to a housing of the magnetic disk apparatus 
in such a manner as to rotate on the axis member 410. 

15 A permanent magnet (not shown) is fixed to the 

carriage 406. A drive coil 414 as a part of a magnetic 
circuit 412 fixed to the housing is controlled by an 
excitation current flowing therethrough. The carriage 406 
is rotated on the axis member 410 by interaction of the 

20 permanent magnet and the drive coil 414. Thereby, the 
head 402 is moved in a substantially radial direction of 
a magnetic disk. 

A pair of piezoelectric elements 416 are provided 
25 between the carriage 406 and the suspension arm 404. The 
longitudinal directions of the piezoelectric elements 416 
are slightly deviated from the longitudinal direction of 
the carriage 406 in opposite directions. The suspension 
arm 404 is rotated within a small angular range on the 
30 projection portion 408 and along a surface of the 
carriage 406 by expansion or contraction along a direction 
indicated by arrow A14 of the piezoelectric elements 416. 
Thereby, the head 402 attached to the tip portion of the 
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suspension arm 404 la moved along a surface of a magnetic 
disk within a email range so that the head 402 can be 
precisely placed at a desired position on the magnetic disk. 

in the conventional head support mechanism 400 of 
Figure 45, each piezoelectric element 416 is interposed 
between the suspension arm 404 and the carriage 406. Side 
portions in the longitudinal direction of each 
piezoelectric element 416 contact the suspension arm 404 
and the carriage 406. Deformation of each plessoeleutric 
element 416 causes the suspension arm 404 to be rotated so 
that the head 402 is slightly displaced. In other words, 
a voltage is applied to each piezoelectric element 416 to 
cause the rotation of the suspension arm 404, resulting In 
a sma Li displacement of the head 402 . However, the head 402 
does not always follow the voltage applied to each 
piezoelectric element 416 with great precision. It is thus 
unlikely that the head 402 is precisely placed at a desired 
position. 

SUMMARY OP THE INVENTION 

According to one aspect of the present invention, 
a head support mechanism Includes: a slider for carrying 
a head at least for performing reproduction of data from 
a disk; and a holding portion for holding the slider. The 
holding portion includes i a first portion including a first 
piezoelectric element ? a second portion including a second 
piezoeleatrlo element; a third portion connected to the 
first and second portions, the slider being provided on the 
third portion; and a fixing portion for fixing the first 
and second portions. At least one of the first and second 
piezoelectric elements is contracted and expanded In a 
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direction substantially parallel to a surface of the dlsK. 
in the preeenae of an applied voltage so that the allder 
provided on the third portion is rotated around a 
predetermined center of rotation* 

In one embodiment of this invention , the head 
support mechanism further includes a load beam provided at 
a side of the holding portion opposite to the slider. The 
load beam includes a dimple projecting toward the slider 
in such a manner as to apply a load to the slider . The holding 
portion further Includes a first joining portion for Joining 
the first and third portions, and a second joining portion 
for joining the second and third portions. The dimple is 
provided at a substantially middle point between the first 
and second joining portions. 

In one embodiment of this invention, the first and 
second joining portions Include first and second elastic 
hinges, respectively, each having a width sufficient to 
reduce a load required for rotation of the slider. 

In one embodiment of this invention, the first and 
second portions include first and second conductor patterns 
provided along the first and second elastic hinges , 
respectively . The first and second elastic hinges each have 
a minimum width required for providing the first and second 
conductor patterns , respectively. 

In one embodiment of this invention, the head 
support mechanism further includes: a load beam provided 
at a side of the holding portion opposite to the slider; 
and a slider holding plate provided between the third portion 
included in the holding portion and the load beam. . The load 
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beam includes a dimple projecting toward the slider in such 
a manner as to press the third portion via the slider holding 
plate. The slider holding plate has such a shape that the 
center of gravity of a combination of the slider holding 
5 plate and the slider substantially corresponds to the 
predetermined center of rotation. 

In one embodiment of this invention, the load beam 
includes a regulation portion for regulating the slider 
10 holding plate. 

In one embodiment of this invention, the dimple 
contacts a point of the slider holding plate to support the 
slider holding plate pressing the third portion in such a 
15 manner that the third portion can be rotated in all 
directions including a pitch direction, a roll direction, 
and a yaw direction. 

In one embodiment of this invention, the head 
20 support mechanism further includes: a load beam provided 
at a side of the holding portion opposite to the slider; 
and a slider holding plate provided between the third portion 
included in the holding portion and the load beam. The load 
beam includes a dimple projecting toward the slider in such 
25 a manner as to press the third portion via the slider holding 
plate. The slider provided on the third portion is rotated 
on the dimple acting as the predetermined center of rotation. 

In one embodiment of this invention, the second 
30 portion is provided in such a manner that a distance between 
the second portion and the surface of the disk is 
substantially equal to a distance between the first portion 
and the surface of the disk. 
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In one embodiment of this invention r the first 
portion includes a first electrode for applying a voltage 
to the first piezoelectric element; and the second portion 
3 includes a second electrode for applying a voltage to the 
second piezoeleotrla element « 

In ono embodiment of this invention, the first 
portion includes a first substrate. The second portion 

10 includes a second substrate. The first and second 
substrates are provided along a tangential direction of the 
dick. At least one of the first and second piezoelectric 
elements is contracted and expanded in a direction 
substantially parallel to the surface of the disk in such 

15 a manner that at least one of the first and second substrates 
ie bent in a direction nearing or leaving the disk, so that 
the slider carrying the head is rotated by a small amount 
in a yaw direction. 

20 In one embodiment of this invention, at least one 

of the first and second piezoelectric elements is contracted 
and expanded in a direction substantially parallel to the 
surface of the disk in such a manner that only one of the 
first and second substrates is bent in a direction nearing 

25 or leaving the disk, so that the slider carrying the head 
id rotated by a small amount in a yaw direction. 

In one embodiment of this invention, the first and 
second portions further include first and second flexible 
30 materials covering the first and second piezoelectric 
elements and the first and second substrates, respectively. 



In one embodiment of this invention, the slider hos 
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an air bearing surface on which an appropriate air flow 18 
generated between the slider and the rotating disk. The 
third portion is arranged so that a center position of the 
air bearing surface substantially corresponds to the 
predetermined center of rotation. 

According to another aspect of the present invention, 
a head support mechanism includes; a slider for carrying 
a head at least for performing reproduction of data from 
a disk; and a holding portion for holding the slider. The 
holding portion includes s a first portion including a first 
piezoelectric element a second portion including a second 
piezoelectric element; and a fixing portion for fixing the 
first and second portion. At least one of the first and 
second piezoelectric elements is contracted and expanded 
in a direction subs taut lally parallel to a surface of the 
disk, in the presence of an applied voltage so that the slider 
is rota Led around a predetermined center of rotation. The 
head support mechanism further includes: a load beam 
provided at a side of the holding portion opposite to the 
slider: and a slider holding plate provided between the 
holding portion and the load beam and provided at a position 
corresponding to the slider. The load beam includes a 
dimple projecting toward the slider in such a manner as to 
press the third portion via the slider holding plate. The 
slider holding plate has such a shape that the center of 
gravity of a combination of the slider holding plate and 
the slider substantially corresponds to the predetermined 
center of rotation. 

In one embodiment of this invention, the holding 
portion further includes a third portion, the slider being 
provided on the third portion- At least one of the first 
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and second piezoelectric elements Is contracted and 
expanded In a direction substantially parallel to the 
surface of the dlsic. in the presence of applied voltage so 
that the third portion is rotated around the predetermined 
center of rotation. 

In one embodiment of this invention, the holding 
portion includes a first joining portion for .-Joining the 
first, and third portions, and a second joining portion for 
joining the second and third portions. The dimple Is 
provided at a substantially middle point between the first 
and second joining portions. 

In one embodiment of this invention, the slider is 
rotated on the dimple corresponding to tho predetermined 
center of rotation. 

In one embodiment of this Invention, the second 
portion is provided in such a manner that a distance between 
the second portion and tne surface of the disk is 
substantially equal to a distance between the first portion 
and the surface of the disk. 

According to still another aspect of the present 
invention, a method for producing a thin film piezoelectric 
element, includes the steps of: a) forming a first metal 
electrode film, a first thin film piezoelectric element, 
and a second metal electrode film on a first substrate in 
this order,- b) forming a third metal electrode film, a 
second thin film piezoelectric element, and a fourth metal 
electrode film on a second substrate in this order; 
c) attaching the second metal electrode film to the fourth 
metal electrode film; d) removing the first substrate by 
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etching; e) shaping the first metal electrode film, tne 
first thin film piezoelectric element, the second metal 
electrode film, the fourth metal electrode film, the second 
thin film piezoelectric element, and the third metal 
5 electrode film; f ) covering the first metal electrode film, 
the first thin film piezoelectric element, the second metal 
BLectrode film, the fourth metal electrode film, the second 
thin film piezoelectric element, and the third metal 
electrode film, with a coating resin; and g) removing the 
10 second substrate by etching. 

In one embodiment of this invention, the first and 
second substrates are each a mono-crystal substrate, 

J™* 

*y 

H 15 In one embodiment of this invention, the linear 

3 expansion coefficient of the first substrate is greater than 

y the linear expansion coefficient of the first thin film 

fl piezoelectric element . The linear expansion coefficient of 

^ the second substrate is greater than the linear expansion 

□ 20 coefficient of the second thin film piezoelectric element. 

in one embodiment of this invention, step c) 
j« includes attaching the second metal electrode film to the 

u fourth metal electrode film using a conductive adhesive - 

25 

in one embodiment of this invention, step c) 
includes attaching tho second metal electrode film to the 
fourth metal electrode film using a thermal melting 
technique using ultrasonic vibration. 

30 

In one embodiment of this invention, step a) 
includes forming the first thin film piezoelectric element 
in such a manner thai a polarization direction of the first 
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thin film piezoelectric element substantially corresponds 
to a direction perpendicular to a surf aoe of the first thin 
film piezoelectric element. Step to) includes forming the 
second thin film pieaoeleotrio element in euoh a manner that 
a polarization direction of the second thin film 
plectoelcotria element substantially corresponds to a 
direction perpendicular to a surface of the second thin film 
piezoelectric element* 

According to still another aspect of the present 
invention, a thin film piezoelectric device includes s a 
first metal electrode film; a first thin film piezoelectric 
element provided on the first metal electrode film; a second 
metal electrode film provided on the first thin film 
piezoelectric element; a third metal electrode film; a 
second thin film piezoelectric element provided on the third 
metal electrode film; a fourth metal electrode film provided 
on the second Lhin film piezoelectric element; and adhesive 
means for attaching the second metal electrode film to the 
fourth metal electrode film. 

In one embodiment of this invention, the thin film 
piezoelectric device further includes voltage applying 
means for applying a voltage to the thin film piezoelectric 
device. The voltage applying means includes: a first 
terminal for applying a driving voltage to the first and 
third metal electrode films i and a second terminal for 
grounding the second and fourth metal electrode films. 

According to still another aspect of the present 
invention, a head support mechanism includes; a slider for 
carrying a head; and a hoi ding portion for holding the slider - 
The holding portion includes: a first portion including a 



23:51 



imam 



P. 97/112 




P24738 

- 11 - 

first piezoelectric element; a second portion including a 
gecond piezoelectric element; a third portion oonncoted to 
the first and second portions, trie slider being provided 
on the third portion; and a fixing portion for fixing the 
first and second portions. The first and second 
piezoelectric elementa include the above -described thin 
film piezoelectric device. 

Thus, the Invention desaribed herein ma Ices possible 
the advantages of providing; (1) a head support mechanism 
for use in a disk apparatus, which enables a head to move 
by a small displacement with great precision for the purposes 
of tracking correction and the like for a magnetic disk and 
the like; (2) a head support mechanism for use in a disk 
apparatus, which enables a head to move by a small 
displacement with great precision by control of a voltage? 
and (3) a thin film piezoelectric actuator preferably used 
for such head support mechanisms. 

These and other advantages of the present Invention 
will become apparent to those skilled in the art upon reading 
and understanding the following detailed description with 
reference to the accompanying figures . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 ie a perspective view illustrating a head 
support mechanism according to Example 1 of the present 
invention. 

Figure 2 is an exploded, perspective view 
illustrating the head support mechanism of Example 1- 
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Figure 3 is a perspective view illustrating a slider 
for use In the head support mechanism of Example 1. 

Figure 4 is a bottom view of a major part of a thin 
5 film piezoelectric element substrate for use in the head 
support mechanism of Example 1. 

Figure 5 is a top view illustrating a major part of 
the thin film piezoelectric element substrate of Example 1 . 

10 

Figure 6 is a cross -sectional view of Figure 2 taken 
along line X-X. 

=fl Figure 7 is a cross-sectional View of Figure 4 taken 

15 along line Y-Y. 
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Figure 8 is a side view of a major part of the head 
support mechanism of Example 1, used for explaining 
operation thereof. 

Figure 9 is a side view of a major part of the head 
support mechanism of Example 1, used for explaining 
operation thereof. 

25 Figure 10 is a top view of a major part of the head 

support mechanism of Example 1, used for explaining 
operation thereof. 

Figure 11 is a perspective view illustrating a head 
30 support mechanism according to Example 2 of the present 
invention . 

Figure 12 is an exploded, perspective view 
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illustrating the head support mechanism of Example 2. 

Figure 13 is a perspective view illustrating a 
slider for use in the head support mechanism of Example 2 . 

Figure 14 is a top view illustrating a major part 
of a thin film piezoelectric element substrate for use in 
tho head support mechanism of Example 2, and the vicinity 
thereof . 

Figure 15 is a bottom view illustrating a major part 
of the thin film piezoelectric element substrate of 
Example 2, and the vicinity thereof. 

15 Figure 16 is a cross-sectional view of Figure 12 

taken along line X-X. 

Figure 17 is a cross -sectional view of Figure 13 
talcen along line Yl-Yl. 

20 

Figure 18 is a side view of a major part of the head 
support mechanism of Example 2, used for explaining 
operation thereof, 

25 Figure 19 is a side view of a major part of the head 

support mechanism of Example 2, used for explaining 
operation thereof. 

Figure 20 is a top view of a major part of the head 
30 support mechanism of Example 2. used for explaining 
operation thereof. 



Figures 21A and 2 IB are schematic diagrams used for 
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explaining operation tne neaa support mechanism of 
Example 1* 

Figures 22A and 22B are schematic diagrams used for 
explaining operation the head support mechanism of 
Example 2. 

Figures 23A through 23C are perspective views 
illustrating vibration modes of a load beam of Example 2, 



Figures 24A and 24B are graphs showing response 



characteristics or the head support mechanism of 
Figures 21 A. and 2 IB. 

Figures 25A and 25B are graphs showing response 
characteristics of the head support mechanism of 
Figures 22A and 22B. 

Figures 26A and 26B are schematic diagrams used for 
explaining the operation of the head support mechanism as 
a variation of Example 2. 

Figures 27A and 27B aro graphs showing response 
characteristics of the head support mechanism of 
Figures 26A and 26B. 

Figure 28 is a perspective view illustrating a head 
support mechanism according to Example 3 of the present 
invention. 



Figure 29 is an exploded, perspective view 
illustrating the head support mechanism of Example 3. 
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Figure 30 is a perspective view illustrating a 
slider for use in the head support mechanism of Example 3. 

Figure 31 ie a diagram illustrating a structure of 
a flexure for use in the head support mechanism of Example 3 . 

Figure 32 is a top view illustrating a thin film 
piezoelectric element of Example 3. 

Figure 33 is a cross -sectional view of Figure 32 
taken along line xi-xi. 

Figure 34 is a top view illustrating the flexure for 
use in the head support mechanism of Example 3. 

Figure 35 is a cross -sectional view of Figure 34 
taken along line X2-X2 . 

Figure 36 is a bottom view illustrating the flexure 
for use in the head support mechanism of Example 3. 

Figure 37 is a cross -sectional view of Figure 34 
taken along line Y2-Y2 where the thin film piezoelectric 
element is attached to the flexure. 

Figures 36A through 38C are diagrams showing a 
procedure for forming the thin film pie2oelectrlc element 
of Example 3 and electrodes thereof on a mono-crystal 
substrate . 

Figures 39A through 396 arc diagrams showing a 
procedure for forming the thin film piezoelectric element 
of Example 3 having a two-layer structure on a mono-crystal 
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substrate. 

Figure 40 is a flowchart showing a method for 
producing the thin film piezoelectric filament of Example 3 . 

Figure 41 is a oroee-eeotional view illustrating an 
electrode connection portion of the thin film piezoelectric 
element of Example 3. 

Figure 42 is a side view of the head support 
mechanism of Example 3. 

Figures 43A through 43C are diagrams including a 
orosa- sectional view of the thin film piezoelectric device 
and graphs of applied voltage, used t;or axpialntng operation 
of the head support mechanism of Example 3. 

Figures 44A and 44B are top views illustrating a 
aahamatia structure of the head support mechanism of 
Example 3, used for explaining operation thereof. 

/>^~ Fil^s^S is a top view illustrating an example of 
a conventional head support mechanism. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the present invention will he 
described by way of illustrative examples with reference 
to the accompanying drawings. 

(Example 1) 

Figure 1 is a perspective view illustrating a head 
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support mechanism 100 fur use in a disk apparatus according 
to Example 1 of the present Invention, viewed from a diok 
side. Figure 2 la an exploded, perspective view 
illustrating the head support mechanism 100. 

5 

Referring to Figures 1 and 2, the head support 
mechanism 100 has a load beam a, on a rip portion of wninn 
a slider 2 having an attached head 1 is supported. The load 
beam 4 includes a base portion 4 A which is fixed by beam 

10 welding to a base plate 5 attached to a head actuator arm. 
The base portion 4A and the base plate 5 each have a Rimi lar 
square shape. The load beam 4 includes a neck portion 4B 
tapering from the base portion 4A, and a beam portion 4C 
extending straight from the neck portion 4B. An opening 

15 portion 4D is provided in the middle of the neck portion 4B. 
In the neck portion 4B, portions on the opposite sides or 
the opantng portion 4D each function as a plate spring 
portion 4E. 

20 A slider holding plate 3 is provided on the tip 

portion of the beam portion 4C of the load beam 4 in such 
a manner as to rotate. 

The slider holding plate 3 is provided with a 
25 projection portion 3A which projects toward the base 
portion 4A of the load beam 4. In the tip portion of the 
beam portion 4C , a dimple 46 is provided which contacts and 
presses the projection portion 3A. The slider holding 
plate 3 is placed on the tip portion of the beam portion 4C 
30 and is engaged with each regulation portion 4F in such a 
manner that the projection portion 3A le pressed and held 
by the dimple 4G. Therefore, the slider holding plate 3A 
can be rotated on the dimple 40 in all directions. 
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The regulation portion 4F is provided on each Bide 
edge of the tip portion of the beam portion 4C. Tne 
regulation portions 4? are engaged with the respective side 
5 edges of the slider Holding plate 3 so that rotation of the 
slider holding plate 3 can be regulated* Each regulation 
portion 4P extends straight from the tip portion of the beam 
portion— 4CJbo]wa rd the bas e portion 4A. The side edges of 
the^aiider holding plate jfjure engaged with and regulated 
10 by the respective regulation portions 4F. 

A thin film piezoelectric drive conductor pattern 7 
and a thin film piezoelectric substrate B are provided on 
the beam portion 4C of the load beam 4, The thin film 

15 piezoelectric substrate B is made of a conductive and rigid 
material, such as stainless steel or copper. One end 
portion of the thin film piezoelectric drive conductor 
pattern 7 is a thin film piezoelectric terminal holding 
portion 7A which is positioned around the middle of the beam 

20 portion 4G. The thin film piezoelectric terminal holding 
portion 7A is partially overlapped with a part of thin film 
piezoelectric substrate 8 . One end portion of the thin film 
piezoelectric substrate 8 is a slider attachment portion 8 A 
which is provided on the slider holding plate 3. Further, 

25 th« slider 2 carrying the head 1 is provided on the slider 
attachment portion 0A. 

The slider 2 is in the form of a rectangular 
parallelepiped as shown in Figure 3 . The head 1 including 
30 an MR (Magneto-Resistive) element is provided at the middle 
of an upper portion of a side 61 at tho boom portion 4C tip 
portion side of the slider 2 . The slider 2 is placed in such 
a manner that the head 1 is oriented toward a tangential 
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line of a magnetic head. Further, four terminals 2A through 
2D are disposed in a transverse direction in a lower portion 
of the side SI of the slider 2. Further, an air hearing 
surface 2E is provided on an upper side of the slider 2. 
An air flow generated by a rotating magnetic disk is passed 
in a pltoh direction of the slider 2 (a tangential direction 
of a magnetic disk) so mat an air lubricating t'liw ib 
generated between the air bearing surface 2E and a magnetic 
disk. 



As shown In Figures 2 and 3, a renter position Ml 
of the air bearing surface 2E substantially corresponds to 
the projection portion 3A of the slider holding plate 3 
supported on the dimple 40. The slider 2 is supported on 
15 the slider attachment portion 8A in such a manner that the 
side 91 of the slider 2 races the tip portion of the beam 
portion 4C of the load beam 4. 

The slider holding plate 3 is held by the dimple 46 
20 provided in the tip portion of the load beam 4 in such a 
manner that the slider holding plate 3 can be rotated on 
ki the projection portion 3A by a small displacement in all 

2 directions- Therefore, the slider 2 having its center 

jll position Ml on the projection portion 3A can be rotated on 

25 the projection portion 3A by a small displacement in all 
directions • 

as shown in Figures l and 2, the other end portion 
of the thin film pieaoelootrio drive conductor pattern 7 
30 is an external connection terminal holding portion 78 which 
is provided on an edge portion of the base portion 4A of 
the load beam 4. Three terminal portions 15A, 15B. and ISC 
ore provided on the thin film piezoelectric terminal holding 
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portion 7A, acid connected to respective external connection 
terminal portions 16A, 168, and 16C which arc provided on 
the external connection terminal holding portion 7B. 

5 A terminal holding portion BB la provided on an edge 

portion opposed to the edge of the thin film piezoeleotric 
substrate a on wnich the slider attachment portion 8A is 
provided. The terminal holding portion SB is positioned at 
an edge of the base portion 4A of the load beam 4, end at 
10 the neck portion 4b side with respect to the external 
connection terminal holding portion 7B. 

Figures 4 and 5 are a bottom view and a top view, 
respectively, illustrating the slider attachment 
15 portion 8A and the vicinity thereof, of th© thin film 
piezoelectric substrate 8. 

As shown in Figures 1 and 4, a pair of first and 
second conductor substrate portions 8D and 8E contiguous 
20 to the slider attachment pur Lion OA arts provided on the thin 
film piezoelectric substrate 8- The conductor substrate 
portions 8D and 8E extend straight from the slider 
attachment portion 8A and are disposed a distance from each 
other and in parallel. 

25 

Elastic hinge portions 8F and BG eaoh having a 
narrow width are provided between the slider attachment 
portion 8A and conductor substrate portions 8D and se of 
the thin film piezoelectric substrate 8 # respectively. The 
30 elastic hinge portions 8F and 8G are elastically bent in 
the some plane as the slider attachment portion 8A. 



The thin film piezoelectric substrate 8 and the thin 
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film piezoelectric drive conductor pattern 7 may be 
integrated together. 

Figure 6 ie a cross -sectional view of the thin film 
5 piezoelectric substrate B taken along line x-x shown in 
Figure 2. Figure 7 is a cross -sectional view of the thin 
film piezoelectric substrata B taken along line y-y shown 
in Figure 4. 

10 As shown in Figures 5 and 6, the first and second 

conductor substrate portions BD and BE are covered with a 
flexible material 6 made of a polymer such as polyimide* 
^ On upper surfaces of the conductor substrate portions 8D 

£j and 8E, a pair of conductor patterns 12A and 12S and a pair 

-4 15 of conductor patterns 12C and 12D are provided, extending 

;j along the conductor substrate portions 8D and 6E, 

Tj respectively . The conductor patterns 12A and 12B are 

fi attached by the flexible malerial 6 Lo the conductor 

substrate portion 8D. The conductor patterns 12C and 12D 
20 are attached to the conductor substrate portion 8B by the 
flexible material 6. 

As shown in Figures 2 and 5 , one end of the conductor 
patterns 12A, 12B, 12C and 12D are terminals which are 
25 provided on the slider attachment portion 8A. Further, the 
conductor patterns 12A, 12B, 12C and 12D are laid on a 
conductor portion 8C of the thin film piezoelectric 
substrate 8. The other ends of the conductor patterns 12 A. 
12B, 12C and 12D are terminals which are provided on tho 
30 terminal holding portion 8B. Each conductor pattern 12A 
through 12D is covered with the flexible material 6. 



As shown in Figure 5, on an end portion {hatched 
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portion in Figure 5) opposed to Lhe slider attachment 
portion 8A of the conductor substrate portions 8D and 8E, 
a fixing member (not shown) is provided which contacts and 
fixes the thin film piezoelectric drive conductor 
patterns 15A. 15B and 15C (figure 2) with terminals 13A, 
13B and 13C (Figure 4). 

Ae shown in Figure 6, first and second thin film 
piezoelectric elements 11A and 11B are provided under the 
first end second conductor substrate portions DD and 8E, 
respectively. An upper side electrode 9A and a lower side 
electrode 9B made of platinum arc provided on an upper side 
and a lower side of the first thin film piezoelectric 
element 11A, respectively- Similarly, an upper side 
electrode 9A and a lower side electrode 9B made of platinum 
are provided on an upper side and a lower side of the second 
thin film pi.eaoelectric element 11B, respectively - 

As shown in Figure 7. a short member 14 for shorting 
the conductor substrate portions 8D and 8E is provided on 
an end portion distal to the slider attachment portion 8A 
of each of the upper side electrodes 9A provided on the upper 
sides of the first and second thin film piezoelectric 
elements 11A and 11B. 

As shown in Figures 4 and 7 , end portions proximal 
to the slider attachment portion 8A of the lower side 
electrodes 9B provided on the lower sides of the first and 
second thin film piezoelectric elements 11A and 11B are not 
covered with the flexible material 6 and are connected to 
terminals 13A and 13B, respectively. Therefore, the 
terminals 13A and 13B are exposed from the flexible 
material 6. Further, the terminal 13C ia connected to a 
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lower surface of a middle portion In a width direction of 
a portion close to the conductor substrate portions 8D and 
6E of the conductor portion 8C. The terminal 13C is also 
exposed from the flexible material 6- 

The terminal 13C connected to the conductive 
conductor portion BC and the upper electrodes 9A provided 
on the respective thin film piezoelectric elements 11A and 
11B are shorted by the short member 14. 

The terminals 13A through 13C (Figure 4) provided 
on the lower aide of the conductor substrate portions BD 
end 8E are connected to the respective terminals 15A through 
15C (Figure 2) on the thin film piezoelectric terminal 
holding portion 7A of the thin film piezoelectric drive 
conductor pattern 7 which is positioned around the middle 
of the beam portion 4C. 

As shown in Figure 2, the slider 2 is disposed on 
the slider attachment portion 8A of Lhe thin film 
piezoelectric substrate 8 which is provided on the slider 
holding plate 3. The slider 2 is connected via the four 
terminal portions provided on the slider attachment 
portion 6 to the conductor patterns 12A, 12B, 12C and 12D, 
respectively. 



such a structure will be described with reference to 
Figures 8 through 10. The terminal portion 13C (Figure 4) 
provided at a linkage portion of the conductor substrate 
portions 8D and 6ES of the thin film piezoelectric 
substrate 8 is set. to the ground level via the thin film 
piezoelectric drive conductor pattern 7 (Figure 2). As 



Operation of the head support mechanism 100 having 



23:40 



vsmm 



p, 34/1:2 




P24738 



- 24 - 



shown in Figure 7, since the terminal 13C shorts the upper 
side electrodes 9A provided on the upper sldos of the first 
and second thin film piezoelectric elements 11A and UB. 
the upper side electrodes 9A arc set to the ground level. 
A voltage V 0 is applied to one terminal 13A (Figure* 4) of 
tho first conductor substrate portion 3D of the thin film 
piezoelactrin substrate 8, and a voltage of zero is applied 
to the terminal 13B (Figure 4} of the second conductor 
substrate portion 8E. 



film piezoelectric element HA provided on the first 
conductor substrate portion SD Is applied to the first thin 
film piezoelectric element 11A. Meanwhile, a voltage is 
not applied between Lhe upper elecLrodo 9h and Lliu lower 
electrode 9B of the second thin film piezoelectric 
elemeuL 11D provided on the second conductor substrate 
portion 8E. 

As a result r the first thin film piezoelectric 
element 11A extends in its longitudinal direction 
(indicated by arrow Al in Figure 8). In this oare v ^eince 



the conductor subs tr at e port ion 8D stacked on the^lrst jshln 
faSTplez^ element Tl^r^made^of^ 

co^er~or"the~rite portione§)is 
considerably rigid in the exten6ion§£?^ by 
arrow Al In Figure 8). The first thin film piezoelectric 
element 11A and the conductor substrate portion 8D are bent 
toward a magnetic disk due to a blmorph effect, as shown 
in Figure 8. In contrast, since a voltage is not applied 
to the second thin film piezoelectric element 11B, the 
second conductor substrate portion 8S is not substantially 



Tn this way, the voltage V 0 between the upper 
electrode 9A and the lower electrode 9B of the first thin 
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beat . 

Figure 10 is a top view illustrating states ot the 
conductor substrate portions 8D and BE of the thin film 
5 piezoelectric substrate a. 

The first thin film piezoelectric element 11A and 
the conductor substrate portion 8D which are bent are 
shorter by a small rtl ^placement 61 than the second thin film 

10 piezoelectric element 11B and the conductor substrate 
portion 8E which are not bent- As a result, the slider 
holding plate 3 is rotated by a small amount in a direction 
indicated by arrow A2 in Figure 10. Therefore, the 
slider 2 provided on the slider holding plate 3 is rotated 

15 on the dimple 4G (Figure 2} by a small amount in the same 
direction . 

Iu contrast, when the voltage V 0 is applied to one 
terminal 13B of the second conductor substrate portion SE 

20 of the thin film piezoelectric; auba Irate 0 and the 
voltage zero is applied to the terminal 13E of the first 
conductor substrate portion 3D, the second thin film 
piezoelectric element 11B and the conductor substrate 
portion 6E are bent and the second thin film piezoelectric 

25 element 11B and the conductor eub6trate portion 8E are not 
bent. Therefore, the slider 3 is rotated on the dimple 4G 
by a small amount in a direction opposite to the direction 
indicated by arrow A2 in Figure 10. The Blider 2 provided 
on the slider holding plate 3 is also rotated by a small 

30 amount in the same direction. 

Therefore, the head 1 provided on the slider 2 is 
moved along a width direction of each track provided in the 
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form of a concentric circle on a luayuellc disk. Thereby, 
an on-traclc charact eristic can be improved. The on- track 
characteristic means an ability of the head 1 to follow a 
track , 

5 

In this case, a load on the elastic hinge portions 8F 
ana BG upon rotation of the slider attachment portion ba 
is reduced so that the slider attachment portion BA can be 
reliably rotated, since the conductor patterns 12A, 12B, 
10 12C and 12D each have a minimum width. 

A load (20 to 30 mN) is applied to the slider 2 via 
the plate spring 4E (Figure 2) of the load beam 4, When the 
slider holding plate 3 i© rotated, such a load is applied 
15 between the dimple 4G (Figure 2) and the slider holding 
N plate 3. Therefore, a frictional fore© determined by a 

71 f riational coefficient between the slider holding plate 3 

j§ and the dimple 4G is applied Lo the slider holding plate 3. 

Sj Thereby, the frictional force prevents the slider holding 

% 20 plate 3 from being deviated Irom the dimple 4G, although 

y. the projection portion 3A of the slider holding plate 3 can 

yj be freely rotated on the dimple 4G. 

H The some voltage is applied to the first and second 

25 thin film piezoelectric elements 11A and 11B so as to operate 
in the same manner. Alternatively, when the first and 
second thin film piezoelectric elements 11A and 11B sxe bent 
in the absence of applied voltage, voltages having opposite 
phases may be applied to the respective first and second 
30 thin film piezoelectric elements ua ana iib to drive the 
first thin film piesoelectric element HA and the conductor 
substrate portion 8D. and the second thin film 
pieaoeleotric element 11B and the conductor substrate 
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portion OB. 

Further. In the example shown in figure 8, a voltage 
is applied to the fir at thin film piezoelectric element 11A 
so that the first thin film piazoelectrio element 11A Is 
bent to become a convex chape. Alternatively, a voltage may 
be applied to the first thin film piezoelectric element 11A 
so that the first thin film piezoelectric element 11A la 
bent to become a concave shape. 



In Example 1, when the head 1 is moved in a radial 
direction of a disk, the displacement magnitude of the head 1 
was about 1 \m where the thin film piezoelectric substrate 8 
was about 3 \m thick , Che first and second thin film 
15 piezoelectric elements 11A and 11B each were about 2 [im 
thick, the length uf first and second thin film piezoelectric 
ijj elements 11A and 11B each were about 2 mm, and a voltage 

<R of 3 v was applied between the upper and lower electrodes 9A 

""i and 9B. 

U 20 

U Since the slider holding plate 3 is supported on the 

W dimple 4G in such a manner that the slider holding plate 3 

l 2 can be rotated in all directions, the frictional loss of 

la 

j,* the slider holding plate 3 upon rotation can be 

25 significantly reduced. Therefore, a small magnitude of 
driving force can lead to a great amount of displacement 
of the head 1. Further, the slider 2 is supported in such 
a manner that the slider 2 caa be rotated on the center 
position Ml of the air bearing surface 2E. Therefore, the 
30 position of the head l on the slider 2 is unlikely to oe 
disturbed by a frictional force due to the viscosity o£ air. 



In Example 1, the beam structure composed of the 
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conductor substrates BD ana be ana the tnin film 
piezoeleotrio element a 11A and 11B la considerably rigid 
In the airectlon Al shown in Figure 8. Therefore, the 
vibrational resonance point of the head support 
mechanism 100 can be structurally set to a high value. 
Thereby , the head support mechanism 100 can operate with 
an excellent response characteristic when the thin film 
piezoelectric elements ore driven at high frequency. 

(Example 2) 

Example 2 of the present invention will be described 

below . 

Figure 11 is a perspective view lllua Lea ling ahead 
support mechanism 200 for use in a disk apparatus according 
to Example 2 of the present Invention, viewed from a disk 
side. Figure 12 is an exploded, perspective view 
illustrating the head support mechanism 200. Components 
similar to the. corresponding components described in 
Example 1 are designated by the same reference numerals as 
used in Example 1. The description of such components is 
therefore omitted. 

The head support mechanism 200 of Example 2 
includes: a slider 2 carrying a head li a slider holding 
plate 103 noiaing the slider 2: a load beam 4 supporting 
the slider 2 and tho slider holding plate 103 in such a 
manner that the slider 2 and the slider holding plate 103 
can rotate; a thin film piezoelectric plate 8 for rotating 
the slider Z: a first conductor pattern 12 provided so as 
to extend from an end of the thin film piezoelectric plate 0 ; 
and a second conductor pattern 7 provided along the f ir9t 
conductor pattern 12. 
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The load beam 4 includes i a square-shaped base 
portion 4A; a necx portion 4B; and a tapering beam 
portion 4C extending from the neck portion 4B. 

A square- shaped^ageplate£> is attached by beam 
welding to a bottom side^-wm base portion 4A of the load 
beam 4 . The base plate 5 is also attaohed to a head actuator 
(not shown ) in such a manner that the base plate 5 can rotate . 
The load beam 4 is rotated on the base portion 4A in such 
a manner that the tip of the beam portion 4C 1.8 moved 
substantially in a radial direction of a magnetic disk (not 
shown) . That is, the load beam 4 is driven to rotate so that 
the head 1 is moved substantially in a radial direction of 
S| 15 a magnetic disk. 

3 

if 35 

An opening portion 4D is provided in a middle of the 
M neck: portion 4B of the load beam 4 . In the neck portion 4B, 

N portions on the opposite sides of the opening portion 4D 

JL 20 each function as a plate spring portion 4B. The beam 

u portion 4C is ©lastically displaced in a direction 

perpendicular to a aurface of a magnetic disk by the plate 
spring portions 4E. The elastic displacement of the beam 
portion 4G causes a load to be applied on the slider 2 
25 provided on the tip portion of the beam portion 4, 

A hemisphere-shaped dimple 4G projecting upward le 
integrated into the tip portion of the beam portion 4C. 
Further, a pair of regulation portions 4P extending 
30 straight from the tip portion of the beam portion 4C toward 
the baee portion 4A are provided on the tip portion of the 
beam portion 4C. There is an appropriate gap between each 
regulation portion 4F and the upper surface of the bean 
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portion 4C. 

The slider holding plate 103 Is provided on the tip 
portion o£ the beam portion 4C. The Glider 2 is provided 
on the slider holding plate 103 via the tip portion of the 
thin film pieaoelcotrio substrate 8. As shown in Figure 12, 
a substrate Junction portion 10 3B, which is joined to a lower 
side of the tip portion of the thin film piezoelectric 
substrate 8, is provided at a tip portion ot tne slider 
holding plate 103. The slide holding plate 3 includes a 
pair of balance weight portions 103C extending toward the 
base portion 4A, A semicircle- shaped projection 
portion 103A slightly pro janting toward the hasa portion 4A 
is provided in a middle of the slider holding plate 103 and 
between the pair of balance weight portions 103C. 

1 The slider holding plata 103 la supported on thft 

dimple 46 provided on the tip portion or the beam portion 4C 
of the load beam 4 where a lower side of the projection 
portion 103 A contacts a point of the dimple 40 . The balance 
weight portions 103C are provided at a email gap from the 
regulation portions 4F provided on the tip portion of the 
beam portion 4C. Therefore, the slider holding plate 103 
can be rotated In all directions so as to be displaced by 
a small angle along with the slider 2 provided on the slider 
holding plate 103. The center of gravity of the rota lab le 
slider holding plate 103 carrying the slider 2 
substantially corresponds to the center point of the 
rotation, i.e., the dimple 4Q, 



Figure 13 is a perspective view illustrating a 
slider 2. The head l including an MR element is provided 
in a middle of an upper edge portion on a tip side of the 
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slider 2. Four terminals 2A through 2D are arranged lu a 
transverse direction in a lower edge portion of the tip Bide 
of the slider 2. An upper side of the slider 2 faces a 
surface of a magnetic disk. Further, an air bearing 
5 surface 2E is provided on the upper side of the slider 2. 
An air flow generated by a rotating magnet io disk is passed 
In a tangential direction of the magnetic dieic so that an 
air lubricating film is generated between the air bearing 
surface 2E and the magnetic disk. 

10 

A center position Ml of the air hearing surface 2E 
substantially corresponds to the dimple 46 on which the 
slider holding plate 3 is rotated and which substantially 
corresponds to the center of gravity of the slider holding 

15 plate 3. The slider 2 is supported on the slider attachment 
portion OA in such a manner that the side SI of the slider 2 
faces the tip portion of the beam portion 4C of the load 
beam 4. The slider 2 can be rotated on the center 
position Ml of the air bearing surface 2E by a small amount 

20 in all of the following directions ; a pitch direction which 
Is a direction of rotation around an axis in a longitudinal 
direction of the beam portion 4C through the head 1; a roll 
direction which' is a direction of rotation around an axis 
along the air bearing surface 2E perpendicular to a 

25 1 ongltudinal axis of the beam portion 4C; and a yaw direction 
which is a direction of rotation around an axis perpendicular 
to both the center axis of the pitch direction and the center 
axis of the roll direction. When the slider 2 is rotated 
by a small displacement angle in the yaw direction, the 

30 head l is moved by a small displacement substantially In 
a radial direction of a magnetic disk. 



Note that the head 1 is disposed so as to face a 
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surface of a magnetic disk, and more specifically, to face 
in a tangential direction of the magnetic diok. 

Figures 14 and IS are top and bottom vieva 
illustrating the thin film piezoelectric substrata B 
provided on the load beam 4 and the vicinity thereof. 
Figure 16 is a nross-sectional view taken along line X-X 
shown in Figure 12. Figure 17 is a cross -sectional view 
taJcen along line Yl-Yl shown in Figure 15. 



As shown in Figure 12, the thin film piezoelectric 
substrate 6 is in the shape of a rectangle extending from 
the tip portion of the load beam 4 toward the base portion 4A 
J of the load beam 4. The thin film piezoelectric substrate 8 

S 15 is provided along a surface of a magnetic disk. The thin 

'% film piezoelectric substrate a may be made of a flexible, 

2 thin stainless steel plate or the like. 

N As shown in Figures 14 and 15 f the slider 2 is 

j 3 20 attached to the upper side of the Lip portion of the Lhlii 

fl film piezoelectric substrate 8, while a slider support 

|4 portion 6A Is provided on the lower side of the tip portion 

J2 of the *thin film piezoelectric substrate 8. The ©lide^ 

2 ^^[^^ is Joined to the substrate Junction 

25 portion 3B of the slider holding plate 103- Substantially 
half of the tip portion side of the^ slider 2 is provided 
and attached to the slider support portion 8A, 



A pair of transf ormation operation portions 8D and 
30 SB Which are transformed in a direction perpendicular to 
a surface of a magnetic disk with different phases, are 
provided at an end at the base porti^m-4Arsrae^^ES^sl-id^ 
support portion 8A # via elastic hinge portions 8F and 8G. 
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Thus, the transformation operation portions BD and 
integrated with the slider support portion 8A. 
<^^^^njq>is provided on the upper side of ttie 
^ ^r^on^4 ^>tof the load beam 4, 

The pair of transformation operation portions 8D 
and BE are disposed in para Lie! anrt spaced at a predetermined 
gap by providing a slit in an intermediate portion in a width 
direction of the thin film piezoelectric substrate 8. The 

10 pair o£ elastic hinge portions 8P and 8G are formed by 
reducing the width of tip portions of the transformation 
operation portions 8D and 8E* The slider support 
portion 8A can be rotated in the directions other than the 
yaw direction due to the elastic hinge portions 8F and 8G. 

15 Therefore, the slider 1 which is provided on the upper side 
of the slider support portion 8A and the slider holding 
plat.ft 103 provided on the lower side of the slider support 
portion 8A is not rotated in the yaw direction. 

20 First and second thin film piezoelectric 

elements 11A and 11B are provided on the lower side of the 
thin film piezoelectric substrate 8- The first and second 
thin film piezoelectric elements 11A and 11B are provided 
on the lower side of the pair of transformation operation 

25 portions 8D and 8E and on the lower side of the fixed 
portion 8C f resulting in a multi-layer structure. The thin 
film piezoelectric elements UA and 11B and the 
transformation operation portions 8D and BE are covered 
with a flexible material 6 and integrated with the thin film 

30 piezoelectric substrate 8. The thin film piezoelectric 
elements 11 A and ilB each expand in a longitudinal direction 
thereof in the presence of applied voltage between the upper 
and lower sides thereof, depending on the value of the 
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voltage. The expansion of the thin film piezoelectric 
elements 11A and 11B causes the transformation operation 
portions 6D and 8E to be bent in a thickness direction 
thereof* Ae a result, the thin film piezoelectric 
substrate 6 is displaced in a direction perpendicular to 
a surface of a magnet io disk. 



An upper side electrode 9 A and a lower side 



electrode SB made of platinum are provided on the upper side 
and the lower side of the first thin film piezoelectric 
element 11A. respectively. Similarly, an upper side 
electrode 9A and a lower side electrode 9B made of platinum 
are provided on the upper side and the lower side of the 
second thin film piezoelectric element 11B, respectively. 

As shown in Figures 15 and 17, three terminal 
portions 13A, 13B, and 13C are provided on the lower side 
of the fixed portion dC of Lhe thin film piezoelectric 
substrate 6 in suah a manner that the three terminal 
portions 13A, 13B, and 13C ore exposed from the Ilexlble 
material 6. The pair of the terminal portions 13A and 13B 
are attached to end portions (at the base portion 4A side) 
of the respective lower side electrodes 9B- The terminal 
portion 13C is connected to a short member 14 which 
electrically shorts the end portions of the upper side 
electrodes 9A. 

As shown in Figure 14. a first conductor pattern 12 
composed of four conductor lines 12A through 12D ie provided 
on the upper side of the thin film piezoelectric substrate 8 
so as to transfer a recording and reproducing signal to and 
from the head 1. one end of the four conductor lines 12A 
through 12D are connected to respective terminals 2A 
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through 2D of the slider 2 provided cm the upper side of 
the ellder support portion 8A of the thin film piezoelectric 
substrate 8* 

A pair of the conductor lines 12A and 12B of the 
first oonduotor pattern 12 are drawn to the base portion 4A 
side via the transformation operation portion BO and the 
fixed portion 8C o£ the thin film piezoelectric substrate 8 . 
The other pair of the conductor lines 12C and 12D of the 
first conductor pattern 12 are drawn to the base portion 4A 
aide via the transformation operation portion SE and the 
fixed portion 8C of the thin film piezoelectric 
substrate 8. 

The four conductor lines 12A through 12D drawn to 
the base portion 4A side of the thin film piezoelectric 
substrate 8 pass through a conductor portion 12E of the 
first conductor pattern 12 and reach a terminal holding 
portion 12F, and are connected to respective externally 
connected terminals 12A' through 12D r on the terminal 
holding portion 12F (Figure 12). 

As shown in Figure 16, the four conductor lines 12A 
through 12D are fixed to the upper side of the thin film 
piezoelectric substrate 8 using the flexible material 6. 

Referring to Figure 12 # a second conductor 
pattern 7 is used to drive the first and second thin film 
piezoelectric elements 11A and 11B provided on the lower 
side of the thin film piezoelectric substrate e . The second 
conductor pattern 7 includes three conductor lines. One 
end of the conductor lines are connected to respective 
internally connected terminale 15A through 15C. The three 
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internally connected terminals ISA through 15C are 
connected to respective terminal portions 13A through 13C 
(Figure 15) provided on the lower aide of the fixed 
portion 8C of the thin film piezoelectric substrate 8. The 
fixed portion 8C is fixed via a terminal holding portion 7A 
on the upper side of the beam portion 4C of the load beam 4 
as shown in Figure 4. 

AS shown in Figure 12, the three conductor lines 
provided on the second conductor pattern 7 pose through a 
conductor portion 7C of the second conduator pattern 7 and 
reach the terminal holding portion 7B # and are connected 
to respective externally connected terminals 16A, 16B, and 
16C on the terminal holding portion 7B. 

As shown in Figure 11, the terminal holding 
portion 12P of the first conductor pattern 12 and the 
terminal holding portion 7B of the second conduuLor 
pattern 7 are attached to one edge portion of the base 
portion 4A of the load beam 4, being arranged side by side 
in the longitudinal direction of the load beam 4. 

Operation of the thus -constructed head support 
mechanism 200 will be described with reference to 
Figures 18 through 27, 

Referring to Figures 12, 15 and 17, the upper 
electrodes 9A provided on the upper sides of the first and 
second thin film piesoeleotrlo elements 11A and 11B are 
grounded via the short member 14. the terminal portion 13C, 
and the internally connected terminal 15C and the 
externally connected terminal 16C of the second conductor 
pattern 7. 
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Further, a voltage V ie applied to tho lower 
electrode 9B Joined with the lower side of the first thin 
film piezoelectric element X1A, via the externally 
3 connected terminal 16A and the internally connected 
terminal ISA of the second conductor pattern 7. Further, 
a voltage zero la applied to the lower electrode 9B joined 
with tho lower side of the second thin film piezoelectric 
element 11B, via the externally connected terminal 16B and 
10 the internally connected terminal 1SB of the second 
conductor pattern 7 and the terminal portion 13B. 

Therefore, the voltage V between the upper side 
eleotrode 9A and the lower side electrode 9B is applied to 
15 the first thin ti im piezoelectric element HA. As a result , 
the first thin film piezoelectric element 11A expands in 
a longitudinal direction thereof (indicated by arrow Al In 
Figure 18 ) . 

20 In this case, since the transformation operation 

portion 8D of the thin film piezoelectric substrate 8 
provided on the first thin film piezoelectric element 11A 
is made of stainless steel or the like, the rigidity in an 
expanding direction (Indicated by arrow Al in Figure 18) 

25 of the transformation operation portion 8D is increased. 
Therefore, the transformation operation pur lion 8D of Lhe 
thin film piezoelectric substrate 8 provided on the first 
thin film piezoelectric element 11A is bent due to a bimorph 
effect in a direction away from a surface of a magnetic disk, 

30 i.e. ,. In such a manner as to project toward the thin film 
piezoelectric elements 11A and 11B side. 



In contrast , a voltage is not applied to the second 
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thin film piezoelectric element 11B. Therefore, as shown 
in Figure 19 r the second thin film piezoelectric 
element 11B and the transformation operation portion 8£ of 
the thin film pieaoelectric substrate 8 provided on the 
5 second thin film piezoelectric element LIB are not 
substantially bent. 

Referring to Figure 20, when the transformation 
operation portion 8D is Dent, the length in the longitudinal 
10 direction of the transformation operation portion BD, which 
is projected onto the same plane as the transformation 
operation portion 8E which is not bent , is shorter by a small 
displacement 61 than the length of the transformation 
^ operation portion 8E which is not bent. Therefore, the 

Sj is slider support portion BA of the thin film piezoelectric 

N substrate S is rotated by a small amount in the yaw direction 

y\ indicated by arrow A2 in Figure 20, while the slider 2 and 

M the slider holding plate 103 are also rotated on the 

% dimple 4G (Figure 12) by a small amount in the same 

L 20 direction. 

Uj In contrast , when a voltage zero is applied to the 

W lower side electrode 9B provided on the lower side of the 

y first thin film piezoelectric element 11A and a voltage V 

75 1s applied to the lower side electrode 9B provided on the 
lower side of the second thin film piezoelectric element 11B, 
the transformation operation portion 8D of the thin film 
piezoelectric substrate 8 provided on the first thin film 
piezoelectric element 11A is not substantially bent, and 
30 the transformation operation portion 6E of the thin film 
piezoelectric substrate 8 provided on the second thin film 
piezoelectric element 11B is bent. 
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Therefore, the slider support portion 6A of the thin 
film piezoelectric substrate 8 is rotated by a email amount 



Cbv arrow A2~ln Figure . As a result, the slider 2 and the 



slider holding plate 103 are rotated on the dimple 4G 
(Figure 12) by a small amount in the same direction. 

As described above, voltages having opposite phases 
are applied to the respective first and second thin film 
piezoelectric elements 11A and 11B so that the head 1 
carried on the slider 2 is moved with great precision by 
a small size of displacement corresponding to applied 
voltage, in a radial direction of a magnetic disk, i.e., 
a width direction of each track in the form of a concentric 
circle on the magnetic disk. Therefore, an on- track 
operation for causing the head 1 to follow a track can be 
conducted with great precision. 

Note that the elastic hinge portions 86 and 8P 
connecting the slider support portion 8A and Che 
transformation operation portions 8D and 8E of the thin film 
piezoelectric substrate 8 are designed Lo be minimum sizes 
so that the conductor lines 12A and 12B, and 12C and 12D 
of the conductor pattern 12 are provided on the respective 
elastic hinge portions 8G and 8F. Therefore, a load 
recruired for rotation of the slider support portion 8A Is 
reduced, whereby the slider support portion 8A can be 
reliably rotated by a small load. 

Further, when a load [20 to 30 mN) is applied to the 
slider 2 by the plate spring portions 4E and 4B of the load 
beam 4 (Figure 12) so that the slider holding plate 103 is 
rotated, such a load is also applied between the dimple 4G 
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and the slider holding plate 103. Therefore, f national 
force determined by a friotlonal ooeff ioietit between the 
slider holding plate 103 and the dimple 4G is applied to 
the elider holding plate 103. Thereby, the friotlonal 
force prevents the slider holding plate 103 from oemg 
shifted from the dimple 46, although the projection 
portion 103A of the slider holding plate 103 can be rotated 
on the dimple 4G. 

The same voltage is applied to the first and second 
thin film piezoelectric elements 11A and 11B so as t.n operate 
in the same manner* Therefore, the first and second thin 
film piezoelectric elements 11A and 11B may be designed to 
be bent in the absence of applied voltage, and voltages 
having opposite phases may be applied to the respective first 
and second thin film piezoelectric elements 11A and 11B to 
drive the first thin film piezoelectric element 11A and the 
transformation operation portion 8D V and the second Lhln 
film piezoelectric element 11B and the transformation 
operation portion 8E. 

In Example 2, a voltage Is applied to the thin film 
piezoelectric elemente HA and 11B so that the thin film 
piezoelectric elements 11A and 11B are bent to become a 
convex shape. Alternatively, a voltage may be applied to 
the thin film piezoelectric elements 11A and HB so that 
the thin film piezoelectric elements 11A and 11B are bent 
to become a concave shape. 

Note that the elastic hinge portions 8G and bf are 
each sufficiently flexible so that the slider 2 can be 
rotated in the roll direction and the pitch direction. 
Therefore, a floating characteristic of the slider 2 with 
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respect to a magnetic disk con be improved by the air bearing 
due to the air bearing curfaoe 2E. 

The dynamic characteristics of the head support 
5 mechanism of the present invention will be described below. 

Figures 2iA and 21H and Figures 22A and 22B are 
schematic diagrams illustrating two models of a head support 
mechanism. Figures 21A and 2 IB illustrate a head support 
10 meahanism i,a which the center of gravity G of a small 
rotation portion including the slider 2 and the slider 
holding plate 3 is positioned between the dimple 4G and the 
head 1. Figures 22A and 22B illustrate the head support 
mechanism 200 of Example 2 in which the center of gravity G 
"4 15 of a small rotation portion including the slider 2 and the 

2 slider holding plate 103 substantially corresponds to the 

ij position of the dimple 46. 

N When voltages having opposite phases are applied to 

jL^ 20 the respective firs I and second thin film piezoelectric 

U elements 11A and 11B so that the transformation operation 

W portion 8D is contracted and the transformation operation 

portion 8E is expanded, a tracking characteristic of the 
head 1 with respect to a target track on a magnetic disk 
25 Is greatly affected by the position of the center of 
gravity G» 

A description will be given of when the center of 
gravity G of the small rotation portion including the 
30 slider 2 and the slider holding plate 3 is positioned 
between the dimple 4G and the head 1 as shown in Figures 21A 
and 21B. 
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As shown in Figure 2 LA, when the transformation 
operation portion 8D and 8E are contracted and expanded, 
respectively, forces Fl and F2 having opposite directions 
are generated in the elastic hinge portions 86 and 8F, 
respectively, in this case, the slider holding plate 3 can 
be freely displaced in the contraction and expansion 
directions of transformation operation portion 8D and 8E 
due to the dimple 43 provided on the load beam 4. On the 
other hand, the slider holding plate 3 is restrained in the 
bend direction of the transformation operation portion 8D 
and 8E due to frictional force- As a result, an angular 
moment Ha around the center of gravity G is generated by 
the forces Fl and F2, which acts on the slider 2 and the 
slider holding plate 3. 

As shown lu Figures 21A and 21B, assuming that the 
distance between the center of gravity C and the dimple 4C 
is Sa in a longitudinal direction of the beam portion 4C 
of the load beam 4 ff a reaction force Ra (=Ma/Sa) is generated 
to act the dimple 4G. The force Ra leads to transformation 
of the beam portion 4C of the load beam 4. Figure 21B 
schematically shows such a situation. 

Kb shown in Figure 21B, even if the slider 2 is 
rotated in the counterclockwise direction, the 
transformation operation portions 8D and 8K are transformed 
by the reaction force Ra so that the head 1 ie not moved 
over a predetermined amount, since the slider 2 and the 
slider holding plate 3 each have a mass, the slider 2 and 
the slider holding plate 3 have a delayed response to the 
transformation of the transformation operation portions 8D 
and 8E. 



1 29 2C01 23:44 



MM 



P, 35/112 



P24738 



43 - 



10 



j : 

N 15 



20 



25 



Figures 24A and 24B are graphs showing the tracking 
characteristic of the head support mechanism of Pigurea 21A 
and 21B with respect to a target track of the head. 
Figure 24A ehows gain characteristics, and Figure 24B shows 
phase characteristics. 

in Figures 24A and 24B, reference numerals Jl 
through J5 each indicate a resonance point when the thin 
film piezoelftfitrlc elements 11A and 11B in the head support 
mechanism of Figures 21A and 21B are driven. Jl indicates 
a resonance point in a twist first-order mode of the beam 
portion 4C of the load beam 4 shown in Figure 23A. J2 
indicates a resonance point in a twist second- order mode 
of the beam portion 4C of the load beam 4 shown In Figure 23B . 
J3 Indicates a resonance point in a plane vibration mode 
(Sway) of the beam portion 4C of Lhe load beam 4 shown in 
Figure 23C. J4 and J5 each indicate a resonance point in 
a resonance mode of the transformation operation 
portions 8D and SE of the thin film piezoelectric 
substrate 0. 

From the view point of the dynamic characteristics 
of the head support mechanism, the frequencies in those 
resonance modes are preferably increased up to a sufficient 
frequency region such that the frequencies do not affect 
the positioning of the head- Since the resonance points Jl 
through J3 are charaoterletics which result from the 
structure of the load Beam 4, there is necessarily a limit 
to the resonance frequency, so that the resonanoo frequency 
cannot be greatly increased. Therefore, it is necessary to 
reduce the phase delay of responses of the resonance 
points Jl through J3. 
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Figures 22A and 22B are diagrams lllustraLlxiy the 
head support mechanism 200 of Example 2 In which the 
position of the center of gravity G of the small rotation 
portion including the slider 2 and the slider holding 
plate 103 substantially corresponds to the position of the 
dimple 46. Ac shown in Figure 22A, since the position of 
the center G of gravity substantially corresponds to the 
position of the dimple 4G, a reaction force Rb due to an 
angular moment Mb is not generated . Theref ore , as snown in 
Figure 22A, the displacement amounts of the transformation 
operation portions 8D and BE are converted to rotation in 
the yaw direction of the slider 2. The resultant response 
characteristics are shown in Figures 25A and 25B. 
Figure 25A shows gain characteristics , and Figure 25B shows 
pnsee characteristics. 

As shown In Figure)? 25A and 25B # since the position 
of the center or gravity G ol the small rotation portion 
including the slider 2 and the slider holding plate 103 
substantially corresponds to the position of the dimple 4G, 
an amplitude characteristic and a phase characteristic of 
resonance at a twist second- order mode resonance point J2 
can be improved and a parallel vibration resonance point J3 
is substantially uoL present. 

As described above, in the head support 
mechanism 200 of the present invention, the position of the 
center of gravity G of the small. rotation portion including 
the slider 2 and the slider holding plate 103 substantially 
corresponds to the position of the dimple 4G. Therefore, 
the head support mechanism 200 of the present invention oan 
achieve an excellent response characteristic when the thin 
film piezoelectric elements 11A and 11D are driven at a high 
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frequency . 

Further, the slider 2 and the slider holding 
plate 103 arc supported on the dimple 4<3 so as to rotate 
not only in the yaw direction but also In all other directions . 
Therefore, a friction loss of the slider holding plate 103 
upon rotation can be greatly reduced, thereby making It 
possible to produce a great amount of displacement of the 
head 1 with a small driving force. 

Further, the center position Ml of the air bearing 
surface 2E substantially corresponds to the center of 
rotation of the slider 2. Therefore, the head 1 on the 
slider 2 is not likely to be disturbed by a rrictional force 
due to the viscosity of air, for example. 

Furthermore, the beam structure composed of the thin 
film piezoelectric substrate B and the thin film 
piezoelectric elements 11A and 11B has a high level of 
rigidity In a direction Indicated by arrow Al In Figure 18. 
Therefore, the vibrational resonance point of the head 
support mechanism 200 can be structurally Improved. 

Figures 26A and 26B are schematic diagrams 
illustrating a model of another head support mechanism 
according to Example 2 of the present invention. The basic 
structure of the head cupport mechaniem is the same as that 
of the above- described head support mechanism 200 of 
Example 2 . Thus , the components of the another head support 
mechanism are not herein described. 

The another head support mechanism of Example 2 is 
characterized as shown in Figure 26A in that the dimple 40 
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is positioned between the head 1 and the center of gravity G 
of the email rotation portion including slider 2 and the 
slider holding plate 103 where the small rotation portion 
rotates on the dimplo 46. 

Voltages having opposite phases are applied to the 
respective thin film piezoelectric elements X1A and 11B so 
that the head 1 is displaced by a small amount toward a 
position of a target track. In this case, the 
transformation operation portion BD of the thin film 
piezoelectric substrate 8 is contracted while the 
transformation operation portion SB thereof is expanded, 
thereby generating forces PI and P2 which act the elastic 
hinge portions 8G and 8F in the directions shown in 
Figure 26A. 

In this case. the transformation operation 
portions 6D and BE can be displaced in the contraction and 
expansion directions. However, the slider holding 
plate 103 is restrained in Iho bend direction of the 
transformation operation portion 8D and 8E due to 
frictional force. As a result, an angular moment Mo around 
the center of gravity 0 is generated by the forces PI and 
P2 , which acts on the slider 2 and the slider holding plate 3 . 
There is a distance So between the center G of gravity and 
the dimple 4G, so that a reaction force Ro (-Mo/Sc) is 
generated to act the dimple 4C. 

The reaction force Ro leads to transformation of the 
beam 4C of the load beam 4. However, as is different from 
the case of Figures 21A and 2 IB, the reaction force Ro acts 
on the head 1 in the desired direction of displacement, 
thereby promoting the movement of the head 1 due to the 
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rotation of the slider 2. Tnis situation is shown in 
Figure 26B, 

Since the slider 2 and the slider holding plate 3 
5 each have a mass , the si taer 2 and the slider holding plate 3 
exhibit a characteristic in which a phase leads an input 
signal instructing the movement of the head 1. 

Figures 27A and 27B are graphs showing tracking 
10 characteristics of the head support mechanism of 
Figures 26A and 26B with respect to a target track o£ the 
head. Figure 27A shows gain characteristics, and 
Figure 27B shows phase characteristics. 

15 In Figures 27A and 27B, reference numerals Jt 

through J5 each indicate a resonance point when the thin 
film piezoelectric elements 11A and 11B in the head support 
mechanism of Figures 26A and 26B are driven. Jl indicates 
a resonance point in a twist first -order mode of the beam 

20 portion 4C of the load beam 4 shown in Figure 23A. J2 
indicates a resonance point in a twist second- order mode 
of the beam portion 4C of the load beam 4 shown in Figure 23B . 
J3 indicates a resonance point in a plane vibration mode 
(Sway) of the beam portion 4C of the load beam 4 shown in 

25 Figure 23C. J 4 and J5 each indicate a resonance point in 
a resonance mode of the transformation operation 
portions BD and SB of the thin film piOHOOloctrio 
substrate B. 

30 The phase characteristics of the resonance 

points J2 and J3 in Figures 27A and 27B each exhibit a 
leading phase, which is advantageous to the stability of 
the control. Further, if the peak values of the gain 
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characteristics of the resonance points J2 ana J3 are 
attenuated by a damper or the like (not shown), more 
satisfactory control characteristics can be obtained. 

in the another head support menhanl sm of Example 2 , 
the dimple 46 Is positioned between the head 1 and the center 
off gravity G of the small rotation portion Including 
slider 2 and the slider holding portion 103 where the small 
rotation portion rotates on the dimple AG. Therefore, when 
a thin film pleaoeleetrlu eleineiiL la Orlveu at a high 
frequency, an excellent response char act eristic i© obtained 
In operation . Further, a stable control characteristic can 
be achieved in spite of variations in the position of the 
center of gravity, 

(Example 3) 

Figure 2B is a perspective view illustrating a head 
support mechanism 300 for use in a disk apparatus according 
to Example 3 of the present invention, viewed from a disk 
side. Figure 29 is an exploded, perspective view 
illustrating the head support mechanism 300. Components 
similar to the corresponding components described in 
Example 1 are designated by the sane reference numerale ac 
used in Example 1. The description of such components is 
therefore omitted. 

Referring to Figures 28 and 29, the head support 
mechanism 300 has a load beam 4, on a tip portion of which 
a slider 2 attached to a head 1 is supported. The load 
beam 4 Includes a square- shaped base portion 4A which is 
fixed by beam welding to a base plate 5 - The base portion 4A 
and the base plate 5 are attached to a head actuator arm 
(not shown). The load beam 4 includes a neck portion 4B 



23:42 



MMOOM 



P. 59/112 



P24738 
- 49 - 

tapering from the base portion 4A, and a beam portion 4C 
extending straight from the neck portion 4B. An opening 
portion 4D is provided in the middle of the neak portion 4B. 
In the neck portion 4B r portions on the opposite sides of 
the opening portion 4D each function as a plate spring 
portion 4E. 

As shown In Figure 30, d head 1 including on MR 
element is provided in a side of the slider 2 . Further, four 
terminals 2A through 2D are disposed in a transverse 
direction in the lower portion of the si da of the slider 2. 
Furthermore, an air bearing surfaue 2E la provided on an 
upper side of the slider 2. An air flow generated by a 
roLdLlug magnetic disk Is passed in a pitch direction of 
the slider 2 (a tangential direction of a magnetic disk) 
so that an air lubricating film is generated between the 
air bearing surface 2S and a magnetic disk. 

As shown in Figure 29, a flexure 307 having a head 
conductor pattern 306 is provided on the beam portion 4C 
of the load beam 4. A base material of the flexure 307 ie 
stainless steel. The slider 2 carrying the head lis placed 
on a slider attachment portion 307X of the flexure 307. 

As shown in Figure 31, patterned conductors 306A, 
306B, 306C and 306D are provided on the flexure 307. A 
slider holding plate 303A is attached to a sido oppooite 
to the slider 2 of the sli der attachment portion 307X. The 
outside shape of the slider holding plate 303A is formed 
along with the flevure substrate 303 by etching. Further, 
a projection portion 303B is provided in the slider holding 
plate 303A. The projection portion 303B contacts a 
dimple 4G which Is provided in the vicinity of the Lip 
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portion of the load team 4 or Figure 29. The projection 
portion 303B is pressed by the dimple 4G so that the slider 
holding plate 303A can be rotated on the dimple 4G in all 
directions . 



The slider 2 of Figure 30 is attached to the slider 



holding plate 303A in such a manner that the center 
position Ml of the air bearing surface 2B substantially 
corresponds to the dimple 46 of the load beam 4 of Figure 29 . 
An externally connected terminal holding' pox- Lion 307Y is 
provided on the other end of the flexure 307 as shown in 
Figure 29, The externally connected terminal holding 
portion 307Y is disposed at an edge of the base portion 4A 
of the load beam 4. 

As shown in Figure 29, a pair of regulation 
portions 4F are provided on the tip portion of the beam 
portion 4C. There is an appropriate gap between the 
regulation portions 4F and the slider holding plate 303A 
so that the slider holding plate 303A can be rotated. Each 
regulation portion 4F extends straight from the tip portion 
of the beam portion 4C toward the base portion 4A. 

A thin film piezoelectric element 310 In Example 3 
is attached to thin film piezoelectric holding 
portions 308A and 308B of the flexure 307 (Figures 29 and 
31} . Figure 32 ie a top view of the thin film piezoelectric 
element 310. The thin film piezoelectric element 310 
includes a pair of elements 310A and 3 10B which are separated 
from each other. Figure 33 is a cross -sectional view of the 
thin film piezoelectric element 310, The thin film 
piezoelectric element 310 has two layers, i.e., first and 
second thin film piezoelectric elements 311A and 31 IB. 
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First ana second metal electrode films 312A and 312B are 
provided on upper and lower sides of the first thin film 
piezoelectric element 311A. respectively. The first thin 
film piezoelectric element 311A ie provided abovo the 
second thin film piezoelectric element 311H. Similarly, 
third and fourth metal electrode films 312C and 312D are 
provided on upper and Lower sides or the second thin film 
piezoelectric element 311B, respectively. The second 
metal electrode film 312B and the fourth metal electrode 
film 312D are electrically shorted by a conductive 
adhesive 313. The entire thin film piezoelectric 
element 310 is covered with flexible coating resin 314. 
The coating reein 314 combines the thin film piezoelectric 
element 310A with the thin film piezoelectric element 310B. 

Figure 34 is a top view of the flexure 307. 
Figure 35 is a cross-sectional view of the thin film 
piezoelectric element holding portions 308A and 306B of the 
flexure 307, taken along line X2-X2 shown in Figure 34. 
Substrates 3 ISA and 3158 In the respective thin film 
piezoelectric element holding portions 308A and 308B are 
formed at the Battle Lime when a conductor 306 Is formed and 
patterned by etching or the like, so that the material and 
thickhese of the substrates 315A and 315B are substantially 
identical to those of the conductor 306 , and the 
substrates 315A and 31SB and the conductor 306 are provided 
on the same plane. The substrates 3 15 A and 315B and the 
conductor 306 are covered with an insulating material 316 
such as polyimlde resin, A side of the eubetratee 315A and 
315B are exposed, to which side the thin film piezoelectric 
element 310 ie attached, so that the adhesive strength 
between the thin film piezoelectric element 310 and the 
substrates 315A and 315B is secured. Figure 36 ie a bottom 
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view uf the flexure 307, as la different from Figure 34. 

Figure 37 is a cross -sectional view illustrating 
the thin film piesoclcotric clement holding portions 308A 
5 and 308B attached to the thin film piezoelectric element 310 
using an adhesive 317. As shown in Figure 37, the thin film 
piezoelectric element holding portions 310A and 310B each 
include a two layer structure composed of the first and 
second thin film piezoelectric elements 311A and 3UB. 

10 

As shown in Figure 38A, the metal electrode 
film 312A (312C) is provided on a mono-crystal 
substrate 318 having a lattice constant close to that of 
the first and second thin film plezoelectrio elements 311A 

15 and 311B. As shown in Figure 38B, the first thin film 
piezoelectric element 311A (3110), which is made of PZT or 
the like, is provided on the metal electrode film 312A (312C) . 
Therefore, the thin film piezoelectric element 311A (311B) 
is mono- cry s tally grown on the metal electrode film 312A. 

20 As shown in Figure 3CG, the metal eleutxude film 312B (312D) 
is provided on the upper side of the thin film piezoelectric 
element 311A (311B}. In this case, the polarization 
direction of the thin film piezoelectric element 311A 
C311B) is uniformly a direction indicated by arrows A in 

25 Figure 38C, just after the formation of the film- The 
linear thermal expansion coefficient of the mono- crystal 
substrate 318 ie higher than that of the thin film 
piezoelectric element 311A (311B), 

30 Referring to Figures 39A through 396 and figure 40 , 

a method for producing the two layer structure will be 
described. Figures 39A through 396 show a procedure for 
producing a two -layer etructure of thin film piezoelectric 
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element formed on a mono -crystal substrate. Figure 40 is 
a flowchart showing a method for producing the thin film 
piezoelectric element of Example 3. as shown in Figure 39A, 
a first motal electrode film 312A, a first thin film 
piezoelectric element 311A, and a second metal electrode 
film 312B are formed on a first mono-crystal substrate 31BA 
(Figure 40:S1301). As shown in Figure 39B, athirdmetal 
electrode film 312C, a second thin film piezoelectric 
element 311B. and a fourth metal electrode film 312D are 
formed on a second uiouo-crystal substrate 318B (Figure 40i 
S1302) . 

As shown in Figure 39C, the second metal electrode 
film 312B (Figure 39A) and the fourth metal electrode 
film 312D (Figure 39B) are adhered to each other using the 
conductive adhesive 313 (Figure 40: S1303). As shown iu 
Figure 39D, the first mono-crystal substrate 318A of the 
mono-crystal substrate 318 is removed by etching 
(Figure 40s S1304). As shown in Figure 39E, the two-layer 
structure of the thin film piezoelectric elements 311A and 
311B are dry-etched to be in the form of the thin film 
piezoelectric element 310 (Figure 40: S130S). As shown in 
Figure 39F f a surface of the second mono-crystal 
substrate 318B on which the thin film piezoelectric 
element 310 is formed is covered with the coating reein 314 
so as to avoid corrosion of the thin film piezoelectric 
element 310 (Figure 40: S1306) . Ae shown in Figure 39G, 
the still remaining second mono- crystal substrate 318B is 
removed by etching to obtain the thin film piezoeleotrio 
element 310A (310B) (Figure 40 z S13Q7). Note that the 
first metal electrode film 312B and the fourth metal 
electrode film 312D are adhered to each other using a thermal 
melting technique using ultrasonic vibration. 
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Wet etching or the like other than dry etching can 
be used as a shaping method in the present invention. 

Referring to Figure 29 , one and of the thin film 
piezoelectric element terminals 309*, 309B, 309C, and 309D 
provided in a middle of the flexure 307 are connected to 
the externally connected terminal holding portion 30 7 Y 
which is connected to an external driving circuit. 
Referring to Figure 31, linkage portions 319A dud 319B 
which link the respective thin film piezoelectric 
portions 308A and 308B in the flexure 307 with the slider 
attachment portion 307X. are elastic hinge portions. 

Referring to Figure 41, formation of the electrodes 
in the thin film piezoelectric element 310 (310A and 3100) 
will be described, A positive voltage is applied to the 
metal electrode films 3 12 A and 312C. The metal electrode 
films 312B and 312D are grounded. Figure 41 is a diagram 
Illustrating junction of the thin film piezoelectric 
element 310 (310A and 310B) and the thin film piezoelectric 
terminal 309A and 309B at a position corresponding to the 
Y2-Y2 cross-section of Figures 32 and 34. A method for 
forming ground connection portions 320 in the thin film 
piezoelectric element 310 (310A and 310B) will be described. 
as shown m Figure 41, the first metal electrode film 312A 
and the first thin film pieaoeleotrio element 311A are 
etched (a first etching step) up to the upper surface of 
the secondmetal electrode film 312B, In the etched portion, 
the second metal electrode film 312B and the conductive 
adhesive 313 are removed by etching (second etching step) . 
Thereafter, the first metal electrode film 312A in the 
ground connection portion 320 is covered with the coating 
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resin 314. Finally, ground metal terminal films 321 for 
shorting the second metal electrode film 312B and the fourth 
metal electrode film 312D are formed as a ground electrode. 



via a bonding wire 324 to the respective thin film 
piezoelectric element terminals 309B and 309C (Figure 34) . 
In the first electrode connection portion 322 (Figures 32 
and 41) , part of the coating resin 314 is removed so as to 

10 expose the first metal electrode film 312A. Similarly, in 
the fourth elentrode connection portion 323 (Figures 32 and 
41) . part of the coating resin 314 ia removed so as to expose 
the first metal electrode film 312A. As shown in Figure 41, 
the first metal electrode film 312A in the electrode 

15 connection portion 322 and the electrode connection 
portion 323 in the electrode connection portion 323 are 
connected via the bonding wire 324 to the thin film 
plezoelecLrlu elements 309A and 309D, respectively. 

20 The head support mechanism 300 having the thus- 

constructed thin film piezoelectric element will be 
described wiLh reference to Figures 42, 43A. 43B, 44A and 
44B. Figure 42 ie a side view of the head support 
mechanism 300. Figure 4 3A is an enlarged, cross- sectional 

25 view of the thin film piezoelectric element 310A (310B) of 
Figure 42 shown in the dashed circle. The thin film 
piezoelectric element terminals 309B and 309C (Figure 34) 
are grounded* Driving voltages are applied to the thin film 
piezoeleotrio element terminals 309A and 309D to drive the 

30 thin film piezoelectric elements 31 OA and 310B, 
respectively, as shown in Figures 43B and 43C. Driving 
voltages having opposite phases with reference to a Bias 
voltage V0 ore applied to the thin film piezoelectric 
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The ground metal terminal films 321 are connected 
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element terminals 309A and 309D, respectively. 
Consistently-positive driving voltages are applied to the 
thin film piezoelectric elements 311A and 311B, 
respectively- As shown in Figure 43A, the thin film 
5 piezoelectric elements 311A and 311H are contracted 1n a 
direction indicated by arrow B in the presence of applied 
voltage. In this case, however, the thin film piezoelectric 
element 310A (310B) is bent due to the substrate 315B 
(315A) . 

10 

The contraction and expansion of the thin film 
piezoelectric elements 311A and 311B cause the thin film 
piezoelectric element holding portion 308A (308B) to be 
contracted and expanded, thereby changing a distance L 

15 between a border portion 303X (Figure 36) with the thin film 
piezoelectric element holding portion 308 of the flexure 
substrate 303 and the elastic hinge portion 319A and 319B 
of the flexure 307 (Figure 36) . At the same time, the bend 
of the thin film piezoelectric element holding portion 315 

20 is changed, leading to a change in the curvature of the thin 
film pieaoelectric element holding portion 308. Such a 
curvature change leads to a change in the distance L. 
Therefore, the ohange in the distance L and the curvature 
change are combined. A driving voltage is applied to the 

25 thin film piezoelectric elements 311A and 311B in a 
polarization direction A shown in Figure 38C. Therefore, 
the polarization of the thin film piezoelectric 
elements 31 1A and 31 IB are not reversed, so that 
characteristics of the thin film piezoelectric 

30 elements 311A and 311B are not impaired. 

Fi gure 44A is a diagram illustrating rotatl on of the 
slider 2 when the thin film piezoelectric element 310A is 
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expanded and the thin film piezoelectric element 310B Is 
contracted. Figure 44B Is a cohematio diagram of 
Figure 44A. when the thin film piezoelectric element 310A 
Is expanded In a direction indicated by arrows E and the 
thin film piezoelectric element 310B is contracted in a 
direction indicated by arrows D, the slider 2 and the slider 
holding plate 303A are rotated in a direction indicated by 
arrow C on the dimple 40 contacting the projection 
portion 303B. Tharafore, the head 1 provided on the 
slider 2 is moved along a width direction o£ each track: 
provided in the form of a concentric circle on a magnetic 
disk. Thereby, a high -precision on- track capability can be 
obtained „ 

A load on the elastic hinge portions 319A and 319B 
upon rotation o£ the allder holding plate 303A Is reduced 
so that the slider attachment portion 303A can be reliably 
rotated, sinue the elastic hinge portions 319A and 319B each 
have a minimum width required for provision of the patterned 
conductors 306A, 306B, 306C and 306D [Figure 31). 

A load (20 to 30 eqN) is applied to the slider 2 via 
the plate spring portion 4S (Figure 29) of the load beam 4- 
Wheu the slider holding plate 303A is rotated, such a load 
is applied between the dimple 4G and the slider holding 
plate 303A. Therefore, frictional force determined by a 
frictional coefficient between the slider holding 
plate 303A and the dimple 4G is applied to the slider holding 
plate 303A. Thereby, the frictional force prevents tho 
slider holding plate 303A from being shifted from the 
dimple 46, although the projection portion 303B of the 
slider holding plate 303A can be freely rotated on the 
dimple 40 . 



23:40 



P, 50/112 




• 



P24738 



58 - 



Referring to Figure 44B, a first beam 3L61 
consisting of the thin film piezoelectric element holding 
portion 30 OA and the thin film piezoelectric element 310A 
and a second beam 3162 consisting of the thin film 
piezoelectric element holding portion 308B and the thin 
film piezoelectric element 310B are linked to the Glider 
holding plate 303A in such a manner that the slider holding 
plate 303A can be restrained by the dimple 4G and rotated 
on the dimple 4G. The head l is provided on the slider z 
a distance F from the dimple 46. 

The elastic hinge portion© 319A and 319B are each 
sufficiently flexible such that the slider 2 can be rotated 
in the roll direction and the pitch direction. Therefore, 
a rioatmg characteristic of the slider 2 with respect to 
a magnetic disk can be made satisfactory. 

As described above, according to Example 3, a thin 
film piezoelectric actuator can be achieved, in wnian a 
mono-crystal piezoelectric element has a two-layer 
structure. whereDy a great displacement can De obtained by 
a small level of voltage. 

Further, the two -layer structure confers rigidity 
to the thin film piezoelectric element, thereby increasing 
the resonance frequency of the actuator. Therefore, the 
driving frequency can be increased, thereby making it 
possible to obtain a high level tracking characteristic. 

As described above, in the head support mechanism 
of the present invention for use in a disk apparatus, the 
head can be moved by a small amount with great precision 
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for the purpose of tracking correction and the like, and 
the head can be effectively moved by a small amount in 
response to an applied voltage* 

5 Further, the head support mechanism of the present 

invention has a simple structure in which thin film 
piezoelectric elements are provided on a single side of a 
substrate, thereby reducing manufacturing cost by a great 
amount . 

10 

Furthermore, in the head support mechanigm of the 
present invention, the center o£ gravity of the small 
rotation portion including the slider can be optimized, 
thereby greatly ameliorating a potential adverse resonance 
15 characteristic of the load beam. 

Various other modifications will be apparent to and 
can be readily made by those skilled in the art without 
departing from the scope and spirit of this invention. 
20 Accordingly, it is not Intended that the scope of the claims 
appended hereto be limited to the description ae set forth 
herein, but rather that the claims be broadly construed. 



